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The present disclosure discloses a clock and data recovery
circuit. A sampling circuit performs burst mode over-sam-
pling on an input analog data signal according to a sampling
timing in a burst mode to generate over-sampling results. A
selection circuit determines neighboring two of the over-
sampling results having opposite logic states in the burst
mode to select data edge sampling results and data center
sampling results interlaced with each other and having the
same time period with input analog data signal from the
over-sampling results accordingly to be output sampling
results. A phase detection circuit performs phase detection
according to the output sampling result to generate a phase
locking direction. A phase adjusting circuit adjusts the
sampling timing of the sampling circuit according to the
phase locking direction to track the input analog data signal.

ABSTRACT

20 Claims, 4 Drawing Sheets
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SIGNAL RECEIVING APPARATUS, CLOCK
AND DATA RECOVERY CIRCUIT AND
CLOCK AND DATA RECOVERY METHOD
THEREOF

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present disclosure relates to a signal receiving appa-
ratus, a clock and data recovery circuit and a clock and data
recovery method thereof.

2. Description of Related Art

In high speed transmission communication system, a
clock and data recovery (CDR) circuit is used to guarantee
that the data signal can be received correctly. In some
approaches, the clock and data recovery circuit samples the
data signal with a slower speed to determine the relation
between the data signal (e.g., the positions of the data edge
and the data center) and the sampling signal accordingly and
gradually adjusts the sampling timing of the sampling signal
to track the data signal.

However, in application such as passive optical network
(PON), the signal receiving apparatus that operates as an
optical line terminal (OLT) often switches to be connected
with different optical network terminals (ONT) to receive
signals therefrom. When the clock and data recovery is
performed with a slower speed, the data signal can not be
tracked quickly. The data signal can not be received cor-
rectly accordingly.

SUMMARY OF THE INVENTION

In consideration of the problem of the prior art, an object
of the present disclosure is to provide a signal receiving
apparatus, a clock and data recovery circuit and a clock and
data recovery method thereof.

The present invention discloses a clock and data recovery
(CDR) circuit that includes a sampling circuit, a selection
circuit, a phase detection circuit and a phase adjusting
circuit. The sampling circuit is configured to perform a burst
mode over-sampling on an input analog data signal accord-
ing to a sampling timing in a burst mode to generate a
plurality of over-sampling results. The selection circuit is
configured to determine neighboring two of the over-sam-
pling results having opposite logic states in the burst mode
to accordingly select a plurality of data edge sampling
results and a plurality of data center sampling results inter-
laced with each other and having a same time period with the
input analog data signal from the over-sampling results to
output a plurality of output sampling results. The phase
detection circuit is configured to perform phase detection
according to the output sampling results to generate a phase
locking direction. The phase adjusting circuit is configured
to adjust the sampling timing of the sampling circuit accord-
ing to the phase locking direction to track the input analog
data signal.

The present invention also discloses a clock and data
recovery method that includes steps outlined below. A burst
mode over-sampling is performed on an input analog data
signal by a sampling circuit according to a sampling timing
in a burst mode to generate a plurality of over-sampling
results. Neighboring two of the over-sampling results having
opposite logic states are determined in the burst mode by a
selection circuit to accordingly select a plurality of data edge
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sampling results and a plurality of data center sampling
results interlaced with each other and having a same time
period with the input analog data signal from the over-
sampling results to output a plurality of output sampling
results. Phase detection is performed according to the output
sampling results by a phase detection circuit to generate a
phase locking direction. The sampling timing of the sam-
pling circuit is adjusted according to the phase locking
direction by a phase adjusting circuit to track the input
analog data signal.

The present invention further discloses a signal receiving
apparatus that includes an equalizer circuit, a clock and data
recovery circuit and a digital processing circuit. The equal-
izer circuit is configured to receive an external signal
perform equalization thereon to generate an input analog
data signal. The clock and data recovery circuit includes a
sampling circuit, a selection circuit, a phase detection circuit
and a phase adjusting circuit. The sampling circuit is con-
figured to perform a burst mode over-sampling on the input
analog data signal according to a sampling timing in a burst
mode to generate a plurality of over-sampling results. The
selection circuit is configured to determine neighboring two
of the over-sampling results having opposite logic states in
the burst mode to accordingly select a plurality of data edge
sampling results and a plurality of data center sampling
results interlaced with each other and having a same time
period with the input analog data signal from the over-
sampling results to output a plurality of output sampling
results. The phase detection circuit is configured to perform
phase detection according to the output sampling results to
generate a phase locking direction. The phase adjusting
circuit is configured to adjust the sampling timing of the
sampling circuit according to the phase locking direction to
track the input analog data signal. The digital processing
circuit is configured to receive and process an output digital
data signal from the selection circuit.

These and other objectives of the present disclosure will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiments that are illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a signal receiving
apparatus according to an embodiment of the present inven-
tion.

FIG. 2 illustrates a block diagram of the clock and data
recovery circuit according to an embodiment of the present
invention.

FIG. 3 illustrates a diagram of the burst mode over-
sampling performed on the input analog data signal by the
sampling circuit according to the sampling timing according
to an embodiment of the present invention.

FIG. 4 illustrates a diagram of the normal mode sampling
performed on the input analog data signal by the sampling
circuit according to the sampling timing according to an
embodiment of the present invention.

FIG. 5 illustrates a flow chart of a clock and data recovery
method according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An aspect of the present invention is to provide a signal
receiving apparatus, a clock and data recovery circuit and a
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clock and data recovery method thereof to perform a burst
mode over-sampling in a burst mode by a sampling circuit
to generate over-sampling results such that positions of a
data edge and a data center can be determined by a selection
circuit quickly to further perform phase detection accord-
ingly by a phase detection circuit to generate a phase locking
direction. A sampling timing of the sampling circuit can
therefore be adjusted according to the phase locking direc-
tion by a phase adjusting circuit to accomplish a quick
locking mechanism.

Reference is now made to FIG. 1. FIG. 1 illustrates a
block diagram of a signal receiving apparatus 100 according
to an embodiment of the present invention. The signal
receiving apparatus 100 includes an equalizer circuit 110, a
clock and data recovery circuit 120 (abbreviated as CDR in
FIG. 1) and a digital processing circuit 130.

The equalizer circuit 110 is configured to receive and
perform equalization an external signal EXS to generate an
input analog data signal IDS. In an embodiment, the equal-
izer circuit 110 may include such as, but not limited to an
analog equalizer, a decision feedback equalizer (DFE) or a
combination thereof to perform corresponding equalization
on the external signal EXS respectively.

The clock and data recovery circuit 120 is configured to
perform clock and data recovery on the input analog data
signal IDS to generate an output digital data signal ODS.
The digital processing circuit 130 is configured to receive
and process the output digital data signal ODS.

In an embodiment, the signal receiving apparatus 100 is
used in passive optical network technology and operates as
an optical line terminal in the passive optical network. The
optical line terminal may switch to be connected to different
optical network terminals serving as signal sources within a
short period of time to receive different data signals. When
the clock and data recovery circuit 120 of the signal receiv-
ing apparatus 100 can not quickly track the frequency and
phase of the received signals, the clock and data recovery is
not performed quickly enough and the data can not be
received correctly.

Reference is now made to FIG. 2. FIG. 2 illustrates a
block diagram of the clock and data recovery circuit 120
according to an embodiment of the present invention. In an
embodiment, the clock and data recovery circuit 120 oper-
ates selectively in a burst mode and a normal mode. The
clock and data recovery circuit 120 provides a quick locking
mechanism in the burst mode. The configuration the clock
and data recovery circuit 120 and the operation in the burst
mode thereof are described first in the following paragraphs.

The clock and data recovery circuit 120 includes a sam-
pling circuit 200, a selection circuit 210, a phase detection
circuit 220, a low pass filter 230 and a phase adjusting circuit
240.

The sampling circuit 200 is configured to perform a burst
mode over-sampling on the input analog data signal IDS
according to a sampling timing in the burst mode to generate
a plurality of over-sampling results OSR. Each piece of data
in the input analog data signal IDS corresponds to the
over-sampling results OSR having an amount of 2%, in
which N is an integer larger than 1.

Reference is now made to FIG. 3 at the same time. FIG.
3 illustrates a diagram of the burst mode over-sampling
performed on the input analog data signal IDS by the
sampling circuit 200 according to the sampling timing
according to an embodiment of the present invention.

As illustrated in FIG. 3, the input analog data signal IDS
includes a plurality of pieces of data labeled as data DA,-
DA,. In the present embodiment, based on the burst mode
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over-sampling performed by the sampling circuit 200, each
of the pieces of the data DA,-DA, corresponds to 8 (N=3)
over-sampling results OSR. Each of the over-sampling
results OSR has a corresponding logic state. It is appreciated
that the number described above is merely an example. In
practical implementation, based on the burst mode over-
sampling performed by the sampling circuit 200, each of the
pieces of data DA,-DA, may correspond other amounts of
over-sampling results OSR in the form of 2%, N being larger
than 1.

More specifically, the data DA is sampled according to
the sampling timing including the sampling time spots
TO0-TO7 to generate the over-sampling results OSR each
having a high logic state (1). The data DA, is sampled
according to the sampling timing defined by the sampling
time spots T10-T17 to generate the over-sampling results
OSR each having a low logic state (0). The data DA, is
sampled according to the sampling timing including the
sampling time spots T20-T27 to generate the over-sampling
results OSR each having a high logic state (1).

The sampling circuit 200 performs sampling on the input
analog data signal IDS according to the sampling timing
provided by the sampling clock signal CKS generated by the
phase adjusting circuit 240 in FIG. 2. In an embodiment, the
sampling clock signal CKS may be generated by the sam-
pling circuit 200 according to an external reference clock
signal CKR.

In an embodiment, the sampling clock signal CKS can be
a single high frequency clock signal having a frequency
higher than the frequency of the input analog data signal IDS
such that the sampling circuit 200 performs the burst mode
over-sampling according to the sampling timing provided by
the high frequency clock signal. The sampling timing may
correspond to the timings of a plurality of edges (positive
edges and/or negative edges) of the high frequency clock
signal within a piece of data.

In another embodiment, the sampling clock signal CKS is
multi-phase clock signals having the frequency not higher
than the frequency of the input analog data signal IDS such
that the sampling circuit 200 performs the burst mode
over-sampling according to the sampling timing provided by
the multi-phase clock signals. The sampling timing of the
multi-phase clock signals may correspond to the timings of
aplurality of edges (positive edges and/or negative edges) of
the clock signals with different phases within a piece of data.

The selection circuit 210 in FIG. 2 is configured to
determine neighboring two of the over-sampling results
OSR having opposite logic states in the burst mode to
accordingly select a plurality of data edge sampling results
and a plurality of data center sampling results interlaced
with each other and having a same time period with the input
analog data signal IDS from the over-sampling results OSR
to output a plurality of output sampling results

In an embodiment, the selection circuit 210 first deter-
mines one of neighboring two of over-sampling results
having the opposite logic states to be a data edge, and selects
the data edge sampling results and the data center sampling
results according to the data edge such that one of the data
edge sampling results corresponds to the data edge.

For example, the over-sampling results OSR correspond-
ing to the sampling time spots TO7 and T10 in FIG. 3 are at
a high state and at a low state respectively. The selection
circuit 210 in FIG. 2 may determine the latter one of the
neighboring two of the over-sampling results OSR having
the opposite logic states, i.e., the over-sampling result OSR
corresponding to the sampling time spot T10 to be the data
edge.



US 12,267,076 B2

5

The selection circuit 210 selects the over-sampling results
OSR corresponding to the sampling time spots T10 and T20
to be the data edge sampling results EO and E1. One of the
data edge sampling results EO and E1 corresponds to the data
edge (which is the data edge sampling result EO) and the
time period length of the data edge sampling results EO and
E1 is the same as the time period length of the input analog
data signal IDS. It is appreciated that in FIG. 3, the data DA,
is lastly labeled. However, the same selection mechanism
can be performed by the selection circuit 210 on the over-
sampling results OSR generated according to the data
behind the data DA,.

The selection circuit 210 further selects the over-sampling
results OSR corresponding to the sampling time spots T14
and T24 to be the data center sampling results DO and D1.
The data center sampling results DO and D1 and the data
edge sampling results EO and E1 are interlaced with each
other. More specifically, the data center sampling result DO
is the middlemost point between the data edge sampling
results EO and E1 and the data center sampling result D1 is
in the middlemost point between the data edge sampling
result E1 and the data edge sampling result behind the data
edge sampling result E1. The data center sampling results
DO and D1 are therefore interlaced with the data edge
sampling results EO and E1. It is appreciated that in FIG. 3,
the data DA, is lastly labeled. However, the same selection
mechanism can be performed by the selection circuit 210 on
the over-sampling results OSR generated according to the
data behind the data DA,.

It is appreciated that according to different positions of the
neighboring two of the over-sampling results OSR having
the opposite logic states, the selection circuit 210 also
determines different positions of the data edge.

For example, when the two over-sampling results OSR
corresponding to the sampling time spots T10 and T11 have
the opposite logic states, the selection circuit 210 determines
the over-sampling result OSR corresponding to the sampling
time spot T11 to be the data edge and selects the over-
sampling results OSR corresponding to the sampling time
spots T11, T15 and T21 in turn as the data edge sampling
result EO, the data center sampling result DO and the data
edge sampling result E1. When the two over-sampling
results OSR corresponding to the sampling time spots T13
and T14 have the opposite logic states, the selection circuit
210 determines the over-sampling result OSR corresponding
to the sampling time spot T14 to be the data edge and selects
the over-sampling results OSR corresponding to the sam-
pling time spots T14, T20 and T24 in turn as the data edge
sampling result EO, the data center sampling result DO and
the data edge sampling result E1. So on and so forth.

Besides, the selection circuit 210 in FIG. 2 may selec-
tively determine the former one of the neighboring two of
the over-sampling results OSR having the opposite logic
states, e.g., the over-sampling result OSR corresponding to
the sampling time spot T07 in FIG. 3, to be the data edge and
select the data edge sampling results and the data center
sampling results accordingly.

By using the selection mechanism described above, the
selection circuit 210 in FIG. 2 generates the output sampling
results OSS in turn including the data edge sampling result
EO, the data center sampling result DO, the data edge
sampling result E1 and the data center sampling result D1.
On the other hand, the selection circuit 210 may output the
selected data center sampling results DO and D1 as the
output digital data signal ODS. The digital processing circuit

10

15

20

25

30

35

40

45

50

55

60

65

6

130 in FIG. 1 is configured to receive the output digital data
signal ODS from the selection circuit 210 and perform
processing thereon.

The phase detection circuit 220 is configured to perform
phase detection according to the output sampling results
OSS to generate the phase locking direction UD.

In an embodiment, the phase detection circuit 220 per-
forms phase detection according to a logic state relation
among consecutive three of the output sampling results
OSS. For example, the phase detection circuit 220 may
perform phase detection according to the logic state relation
among the data edge sampling result EQ, the data center
sampling result DO and data edge sampling result E1 and
generate a phase locking direction UD according to the
phase detection result.

Reference is now made to Table 1. Table 1 illustrates the
corresponding relation between the output sampling results
OSS and the phase locking direction UD according to an
embodiment of the present invention. In the present embodi-
ment, the logic state relation among the data edge sampling
result EO, the data center sampling result DO and the data
edge sampling result E1 is taken as an example. A value 1
of the phase locking direction UD stands for a forward
direction and a value -1 of the phase locking direction UD

stands for a backward direction.
TABLE 1
088
EO DO El UD
0 0 1 1
1 1 0 1
0 1 1 -1
1 0 0 -1
0 0 0 0
1 1 1 0
0 1 0 N/A
1 0 1 N/A

As illustrated in Table 1, when the logic state relation
among the data edge sampling result EQ, the data center
sampling result DO and the data edge sampling result E1
includes the low state, the low state and the high state which
is represented as (001) or includes the high state, the high
state and the low state which is represented as (110), the
phase detection result is “lag”. In other words, the sampling
timing of the sampling circuit 200 that samples the input
analog data signal IDS lags behind the input analog data
signal IDS. Under such a condition, the phase detection
circuit 220 generates the phase locking direction UD having
the value of 1 that corresponds to “forward direction”.

When the logic state relation among the data edge sam-
pling result EO, the data center sampling result DO and the
data edge sampling result E1 includes the low state, the high
state and the high state which is represented as (011) or
includes the high state, the low state and the low state which
is represented as (100), the phase detection result is “lead”.
In other words, the sampling timing of the sampling circuit
200 that samples the input analog data signal IDS leads the
input analog data signal IDS. Under such a condition, the
phase detection circuit 220 generates the phase locking
direction UD having the value of -1 that corresponds to
“backward direction”.

When the logic state relation among the data edge sam-
pling result EO, the data center sampling result DO and the
data edge sampling result E1 includes all low states which
is represented as (000) or all high states which is represented
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as (111), the phase detection circuit 220 can not determine
the phase relation and generate the phase locking direction
UD having the value of 0 that does not correspond to any
direction.

Besides, since at least consecutive two of the data edge
sampling result EO, the data center sampling result DO and
the data edge sampling result E1 are generated by sampling
the same piece of data, the logic state relation including the
low state, the high state and the low state which is repre-
sented as (010) and the logic state relation including the high
state, the low state and the high state which is represented as
(101) do not occur in practical implementation.

Corresponding to the embodiment in FIG. 3, since the
logic state relation among the data edge sampling result EO,
the data center sampling result DO and the data edge
sampling result E1 includes the low state, the high state and
the high state which is represented as (011), the phase
detection circuit 220 generates the phase locking direction
UD having the value of 1 that corresponds to “forward
direction”.

It is appreciated that the embodiment described above
uses the condition that the phase detection is performed
according to the three consecutive output sampling results
OSS including the data edge sampling result EO, the data
center sampling result DO and the data edge sampling result
El as an example. In other embodiments, the phase detec-
tion circuit 220 may perform phase detection according to
the logic state relation among the data center sampling
results DO, the data edge sampling results E1 and the data
center sampling results D1 or according to the logic state
relation of more amounts of consecutive output sampling
results. The present invention is not limited thereto.

The low pass filter 230 is configured to perform filtering
on the phase locking direction UD. The phase adjusting
circuit 240 is configured to adjust the sampling timing of the
sampling circuit 200 according to the filtered phase locking
direction UD to track the input analog data signal IDS. More
specifically, according to the filtered phase locking direction
UD, the phase adjusting circuit 240 adjusts the timing of the
sampling clock signal CKS to adjust the sampling timing of
the sampling circuit 200.

It is appreciated that the clock and data recovery circuit
120 may selectively dispose the low pass filter 230 and may
also selectively not dispose the low pass filter 230 such that
the phase adjusting circuit 240 receives the phase locking
direction UD directly generated by the phase detection
circuit 220.

In an embodiment, the input analog data signal IDS
f the phase locking direction UD is determined to be
locked when occurrence probabilities of the phase locking
direction determined to be the forward direction and the
backward direction are substantially the same. It is appre-
ciated that the term “substantially” means that the occur-
rence probabilities of the phase locking direction determined
to be the forward direction and the backward direction may
have a reasonable difference therebetween and may not
necessarily completely equal to each other.

For example, the phase adjusting circuit 240 may perform
statistics on the number of occurrence of the value of 1 of the
phase locking direction UD (corresponding to the forward
direction) and the number of occurrence of the value of -1
of the phase locking direction UD (corresponding to the
backward direction). When the statistic result shows that the
numbers of occurrence of the forward direction and the
backward direction only have a slight different and are
substantially the same, the phase adjusting circuit 240 deter-
mines that the occurrence probabilities of the phase locking
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direction determined to be the forward direction and the
backward direction are substantially the same, and further
determines that the input analog data signal IDS is locked.

In an embodiment, when the clock and data recovery
circuit 120 is determined to be not required to operate in the
burst mode since the input analog data signal IDS is deter-
mined to be locked or due to other factors, the clock and data
recovery circuit 120 operates in the normal mode. The
operation of the normal mode is described in accompany
with FIG. 2 and FIG. 3.

In an embodiment, the sampling circuit 200 keeps per-
forming burst mode over-sampling on the input analog data
signal IDS in the normal mode. The selection circuit 210
selects the data edge sampling results and the data center
sampling results according to one of the over-sampling
results OSR in the normal mode to output the output
sampling results OSS. More specifically, the selection circuit
210 may determine any one of the over-sampling results
OSR to be the data edge so as to select the data edge
sampling results and the data center sampling results by
using the method described above to output the output
sampling results OSS.

Preferably, when the clock and data recovery circuit 120
switches from the burst mode to the normal mode, the
selection performed in the burst mode can be kept. For
example, when the selection circuit 210 selects the over-
sampling results OSR corresponding to the sampling time
spot T10, T14, T20 and T24 to output the output sampling
results OSS before the burst mode is terminated, the selec-
tion circuit 210 may keep the same selection in the normal
mode.

However, the clock and data recovery circuit 120 may
perform more arbitrary selection in the normal mode. For
example, the selection circuit 210 may determine the over-
sampling result OSR corresponding to the sampling time
spot TO3 in FIG. 3 to be the data edge to further select the
over-sampling results OSR corresponding to the sampling
time spots T03, TO7 and T13 as the data edge sampling result
EO, the data center sampling result DO and the data edge
sampling result E1 by using the method described above to
output the output sampling results OSS.

In another embodiment, the sampling circuit 200 per-
forms a normal mode sampling on the input analog data
signal IDS in the normal mode to generate a plurality of
normal sampling results NSR, wherein each piece of data in
the input analog data signal IDS corresponds to the normal
sampling results NSR having an amount of 2. More specifi-
cally, the sampling circuit 200 may perform normal mode
sampling according to a clock signal having a lower fre-
quency or having fewer phases to generate the normal
sampling results NSR.

Reference is now made to FIG. 4. FIG. 4 illustrates a
diagram of the normal mode sampling performed on the
input analog data signal IDS by the sampling circuit 200
according to the sampling timing according to an embodi-
ment of the present invention.

Similar to FIG. 3, the input analog data signal IDS
includes a plurality of pieces of data labeled as the data
DA,-DA,. In the embodiment in FIG. 4, based on the
normal mode sampling performed by the sampling circuit
200, each of the pieces of the data DA -DA, corresponds to
2 normal sampling results NSR. Each of the normal sam-
pling results NSR has a corresponding logic state.

More specifically, the data DA is sampled according to
the sampling timing including the sampling time spots
TO00-TO1 to generate the normal sampling results NSR each
having a high logic state (1). The data DA, is sampled
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according to the sampling timing including the sampling
time spots T10-T11 to generate the normal sampling results
NSR each having a low logic state (0). The data DA, is
sampled according to the sampling timing including the
sampling time spots T20-T21 to generate the normal sam-
pling results NSR each having a high logic state (1).

The selection circuit 210 determines the neighboring two
of normal sampling results NSR having the opposite logic
states in the normal mode, to select the data edge sampling
results and the data center sampling results from the normal
sampling results NSR to output the output sampling results
OSS. More specifically, the selection circuit 210 first deter-
mine one of the neighboring two of normal sampling results
NSR having the opposite logic states, and select the data
edge sampling results and the data center sampling results
according to the data edge such that one of the data edge
sampling results corresponds to the data edge.

For example, corresponding to the neighboring two of
normal sampling results NSR having opposite logic states
that correspond to the sampling time spots TO1 and T10, the
selection circuit 210 may determine the latter one to be the
data edge, select the normal sampling results NSR corre-
sponding to the sampling time spots TO1 and T11 to be the
data edge sampling results EO and E1 and select the normal
sampling results NSR corresponding to the sampling time
spots T10 and T20 to be the data center sampling results DO
and D1 by using the selection method described in the
previous embodiments and output the output sampling
results OSS.

In any one of the embodiments of the normal mode, the
phase detection circuit 220, the low pass filter 230 and the
phase adjusting circuit 240 may perform the same operation
as in the burst mode after the selection circuit 210 outputs
the output sampling results OSS. The detail is not described
herein.

In some approaches, the clock and data recovery circuit
performs the determination of the data edge and the data
center in a slower speed and gradually adjust the sampling
timing to track the input analog data signal. However, in the
application of such as passive optical network technology,
the signal receiving apparatus operating as an optical line
terminal often switches to be connected to different optical
network terminals serving as signal sources within a short
period of time to receive different data signals. When the
clock and data recovery circuit 120 of the data signal can not
be tracked quickly and the data can not be received correctly.

The clock and data recovery circuit of the present inven-
tion performs a burst mode over-sampling in a burst mode
by a sampling circuit to generate over-sampling results such
that positions of a data edge and a data center can be
determined by a selection circuit quickly to further perform
phase detection accordingly by a phase detection circuit to
generate a phase locking direction. A sampling timing of the
sampling circuit can therefore be adjusted according to the
phase locking direction by a phase adjusting circuit to
accomplish a quick locking mechanism. In an embodiment,
the clock and data recovery circuit in the present invention
can lock the input analog data signal in a time period in the
order of nanosecond (NS) to receive the data correctly.

Reference is now made to FIG. 5. FIG. 5 illustrates a flow
chart of a clock and data recovery method 500 according to
an embodiment of the present invention.

Besides the apparatus described above, the present inven-
tion further discloses the clock and data recovery method
500 that can be used in such as, but not limited to the clock
and data recovery circuit 120 illustrated in FIG. 2. An
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embodiment of the clock and data recovery method 500 is
illustrated in FIG. 5 and includes the steps outlined below.

In step S510, the burst mode over-sampling is performed
on the input analog data signal IDS by the sampling circuit
200 according to the sampling timing in the burst mode to
generate the over-sampling results OSR, wherein each piece
of data in the input analog data signal IDS corresponds to the
over-sampling results OSR having an amount of 2%, in
which N is an integer larger than 1.

In step S520, the neighboring two of the over-sampling
results having opposite logic states are determined in the
burst mode by the selection circuit 210 to accordingly select
the data edge sampling results and the data center sampling
results interlaced with each other and having the same time
period with the input analog data signal IDS from the
over-sampling results OSR to output the output sampling
results OSS.

In step S530, phase detection is performed according to
the output sampling results OSS by the phase detection
circuit 220 to generate the phase locking direction UD.

In step S540, the sampling timing of the sampling circuit
200 is adjusted according to the phase locking direction UD
by the phase adjusting circuit 240 to track the input analog
data signal IDS.

It is appreciated that the embodiments described above
are merely an example. In other embodiments, it is appre-
ciated that many modifications and changes may be made by
those of ordinary skill in the art without departing, from the
spirit of the invention.

In summary, the signal receiving apparatus, the clock and
data recovery circuit and the clock and data recovery method
thereof perform a burst mode over-sampling in a burst mode
by a sampling circuit to generate over-sampling results such
that positions of a data edge and a data center can be
determined by a selection circuit quickly to further perform
phase detection accordingly by a phase detection circuit to
generate a phase locking direction. A sampling timing of the
sampling circuit can therefore be adjusted according to the
phase locking direction by a phase adjusting circuit to
accomplish a quick locking mechanism.

The aforementioned descriptions represent merely the
preferred embodiments of the present disclosure, without
any intention to limit the scope of the present disclosure
thereto. Various equivalent changes, alterations, or modifi-
cations based on the claims of present disclosure are all
consequently viewed as being embraced by the scope of the
present disclosure.

What is claimed is:

1. A clock and data recovery (CDR) circuit, comprising:

a sampling circuit configured to perform a burst mode
over-sampling on an input analog data signal according
to a sampling timing in a burst mode to generate a
plurality of over-sampling results;

a selection circuit configured to determine neighboring
two of the over-sampling results having opposite logic
states in the burst mode to accordingly select a plurality
of data edge sampling results and a plurality of data
center sampling results interlaced with each other and
having a same time period with the input analog data
signal from the over-sampling results to output a plu-
rality of output sampling results;

a phase detection circuit configured to perform phase
detection according to the output sampling results to
generate a phase locking direction; and

a phase adjusting circuit configured to adjust the sampling
timing of the sampling circuit according to the phase
locking direction to track the input analog data signal.
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2. The clock and data recovery circuit of claim 1, wherein
the selection circuit determines one of the neighboring two
of the over-sampling results having the opposite logic states
to be a data edge, and selects the data edge sampling results
and the data center sampling results according to the data
edge such that one of the data edge sampling results corre-
sponds to the data edge.

3. The clock and data recovery circuit of claim 1, wherein
the phase detection circuit performs phase detection accord-
ing to a logic state relation among consecutive three of the
output sampling results.

4. The clock and data recovery circuit of claim 1, wherein
the selection circuit selects the data edge sampling results
and the data center sampling results from the over-sampling
results according to one of the over-sampling results in a
normal mode to output the output sampling results.

5. The clock and data recovery circuit of claim 1, wherein
the sampling circuit performs a normal mode sampling on
the input analog data signal in a normal mode to generate a
plurality of normal sampling results, wherein each piece of
data in the input analog data signal corresponds to the
normal sampling results having an amount of 2; and

the selection circuit determines neighboring two of the

normal sampling results having the opposite logic
states in the normal mode, to accordingly selects the
data edge sampling results and the data center sampling
results from the normal sampling results to output the
output sampling results.

6. The clock and data recovery circuit of claim 1, wherein
the selection circuit outputs the data center sampling results
to be an output digital data signal.

7. The clock and data recovery circuit of claim 1, wherein
the sampling circuit performs the burst mode over-sampling
according to the sampling timing of a high frequency clock
signal having a frequency higher than the frequency of the
input analog data signal, or performs the burst mode over-
sampling according to the sampling timing of multi-phase
clock signals having the frequency not higher than the
frequency of the input analog data signal.

8. The clock and data recovery circuit of claim 1, wherein
the input analog data signal is determined to be locked when
occurrence probabilities of the phase locking direction deter-
mined to be a forward direction and a backward direction are
substantially the same.

9. A clock and data recovery method, comprising:

performing a burst mode over-sampling on an input

analog data signal by a sampling circuit according to a
sampling timing in a burst mode to generate a plurality
of over-sampling results;

determining neighboring two of the over-sampling results

having opposite logic states in the burst mode by a
selection circuit to accordingly select a plurality of data
edge sampling results and a plurality of data center
sampling results interlaced with each other and having
a same time period with the input analog data signal
from the over-sampling results to output a plurality of
output sampling results;

performing phase detection according to the output sam-

pling results by a phase detection circuit to generate a
phase locking direction; and

adjusting the sampling timing of the sampling circuit

according to the phase locking direction by a phase
adjusting circuit to track the input analog data signal.

10. The clock and data recovery method of claim 9,
further comprising:

determining one of the neighboring two of the over-

sampling results having the opposite logic states to be
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a data edge and selecting the data edge sampling results

and the data center sampling results according to the

data edge by the selection circuit such that one of the
data edge sampling results corresponds to the data
edge.

11. The clock and data recovery method of claim 9,
wherein the phase detection circuit performs phase detection
according to a logic state relation among consecutive three
of the output sampling results.

12. The clock and data recovery method of claim 9,
further comprising:

selecting the data edge sampling results and the data

center sampling results from the over-sampling results

according to one of the over-sampling results by the
selection circuit in a normal mode to output the output
sampling results.

13. The clock and data recovery method of claim 9,
further comprising:

performing a normal mode sampling on the input analog

data signal by the sampling circuit in a normal mode to
generate a plurality of normal sampling results,
wherein each piece of data in the input analog data
signal corresponds to the normal sampling results hav-
ing an amount of 2; and

determining neighboring two of the normal sampling

results having the opposite logic states by the selection
circuit in the normal mode, to accordingly selects the
data edge sampling results and the data center sampling
results from the normal sampling results to output the
output sampling results.

14. The clock and data recovery method of claim 9,
further comprising:

outputting the data center sampling results to be an output

digital data signal by the selection circuit.

15. The clock and data recovery method of claim 9,
further comprising:

performing the burst mode over-sampling according to

the sampling timing of a high frequency clock signal
having a frequency higher than the frequency of the
input analog data signal, or performing the burst mode
over-sampling according to the sampling timing of
multi-phase clock signals having the frequency not
higher than the frequency of the input analog data
signal by the sampling circuit.

16. The clock and data recovery method of claim 9, the
input analog data signal is determined to be locked when
occurrence probabilities of the phase locking direction deter-
mined to be a forward direction and a backward direction are
substantially the same.

17. A signal receiving apparatus, comprising:

an equalizer circuit configured to receive an external

signal perform equalization therecon to generate an

input analog data signal;

a clock and data recovery circuit comprising:

a sampling circuit configured to perform a burst mode
over-sampling on the input analog data signal
according to a sampling timing in a burst mode to
generate a plurality of over-sampling results;

a selection circuit configured to determine neighboring
two of the over-sampling results having opposite
logic states in the burst mode to accordingly select a
plurality of data edge sampling results and a plurality
of data center sampling results interlaced with each
other and having a same time period with the input
analog data signal from the over-sampling results to
output a plurality of output sampling results;
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a phase detection circuit configured to perform phase
detection according to the output sampling results to
generate a phase locking direction; and

a phase adjusting circuit configured to adjust the sam-
pling timing of the sampling circuit according to the
phase locking direction to track the input analog data
signal; and

a digital processing circuit configured to receive and

process an output digital data signal from the selection

circuit.

18. The signal receiving apparatus of claim 17, wherein
the selection circuit determines one of the neighboring two
of the over-sampling results having the opposite logic states
to be a data edge, and selects the data edge sampling results
and the data center sampling results according to the data
edge such that one of the data edge sampling results corre-
sponds to the data edge.

19. The signal receiving apparatus of claim 17, wherein
the phase detection circuit performs phase detection accord-
ing to a logic state relation among consecutive three of the
output sampling results.

20. The signal receiving apparatus of claim 17, wherein
the selection circuit outputs the data center sampling results
as the output digital data signal.
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